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ABSTRACT

Bare Lake, a 120-acre, unstratified lake on Kodiak Island, Alaska, was
fertilized each year from 1950 to 1956 with inorganic fertilizers to determine
whether fertilization will increase production of red salmon (Oncorhynchus
nerka). Various phases of the life history of the species were studied.

From 1950 through 1956 the annual spawning population of red salmon in
Bare Lake ranged from 52 to 551 fish. Red salmon vary in age at maturity.
The majority of Bare Lake red salmon remain in the lake slightly longer than a
year, then migrate to the sea to spend 3 years before returning to the lake to
spawn. Females predominated over males in the spawning escapement each
vear. Data are presented on fecundity, egg retention, and the annual egg
deposition.

A relation was found between the growth of young red salmon and the gross
rate of photosynthesis. TFertilization has brought about an increase in size of
the seaward-migrating red salmon smolts. There is good evidence to show that
the larger smolts survive in greater numbers at sea. For the years 1950-53,
fresh-water survival has ranged from 1.0 to 5.1 percent and marine survival
increased from 3.3 to 7.9 percent. Limited information is available on the effect
of fertilization on other fish populations in Bare Lake.
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EFFECTS OF FERTILIZING BARE LAKE, ALASKA, ON GROWTH
AND PRODUCTION OF RED SALMON (O. NERKA)

By PHILIP R. NELSON, Fishery Research Biologist
BUREAU OF COMMERCIAL FISHERIES

. Bare Lake, on Kodiak Island, Alaska, was
fertilized each ycar for 7 years, from 1950 to
1956. The limnological effects of fertilizing the
lake were described by Nelson and Edmondson
(1955). The present paper deals primarily with
the effects of fertilization on the red salmon
population and briefly with the effect on other
fish populations in Bare Lake.

Fertilization experiments were initiated at Bare
Lake on the basis of studies conducted earlier at
Karluk Lake, which is only 15 miles from Bare
Lake. The hypothesis upon which the fertiliza-
tion experiments were based was discussed by
Nelson and Edmondson (1955). Briefly, it was
proposed by these investigators that the decline
in the Karluk River salmon runs may have re-
sulted from a decline in the productivity of the
lake waters. The carcasses of spawned salmon
in the earlier years, when the escapements were
large, contributed a great amount of nutrients
to the lake water. In recent years, with small
escapements, the amount of nutrients furnished
has been considerably less. It was hypothesized
that by the addition of inorganic fertilizer the
earlier productive capacity of Karluk Lake might
be restored. Rounsefell (1958) cites other hypo-
theses as possible reasons for the decline in the
Karluk River red salmon runs in his compre-
hensive report on Karluk Lake. It is recognized
that many other factors, including meteorological
conditions, diseases, and predator and competitor
fishes influence the survival and growth of red
salmon. The effects of these factors on the pro-
duction of red salmon at Bare Lake were con-
sidered.

In this study, Bare Lake was fertilized to de-
termine if this process would bring about an
increase in fish food so as to augment red salmon

Note.—Approved for publication, April 29, 1958. Fishery Bulletin 159.

production. Bare Lake (fig. 1) was selected for
this study because it has a run of red salmon;
it is located close to the major red salmon pro-
ducing lakes in the area; and, because of its small
size (120 acres), the costs of experimentation
would not be excessive and the results of fertiliza-
tion could be more accurately determined.

For fertilization to be a useful management
tool, not only must production of fish be increased
but the costs must be economically justifiable.
At Bare Lake, nitrate and phosphate fertilizers
were added each summer in amounts necessary to
increase the nitraté concentration approximately
0.25 milligram per liter, and the phosphate con-
centration 0.05 milligram per liter. In 1950 and
1951, the lake was fertilized just prior to mid-
July. During the years 1952 to 1956, fertilizer
was added in two lots during the first half of the
months of June and July. The concentration
achieved on each addition was one-half the
amount specified. Choice of the amount was based
on a prognostic experiment conducted during
1949 in which jugs of water were fertilized with
varying concentrations of nitrate and phosphate
and the rates of photosynthesis and of phyto-

Fieure 1.— Aerial photograph of Bure Lake.
59
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plankton growth measured (Nelson and Edmond-
son, 1955).

The fertilizers most frequently used were
sodium nitrate and ammonium monohydrogen
orthophosphate. The application consisted of
mixing the fertilizers on a raft and subsequently
using brooms to sweep the mixture into the water
as the raft was towed about the lake. Usually the
mixture was applied to the littoral zone, but on
two occasions it was spread over the entire lake.
No significant difference was found between the
two methods in the concentration achieved in the
lake water. The annual cost of fertilizers aver-
aged less than $400.

Numerous lake fertilization studies have been
conducted by other investigators with the objec-
tive of increasing fish growth or survival. The
lakes fertilized have differed widely in their
characteristics and the amount and types of
nutrients introduced have varied considerably.
Lakes are extremely dissimilar in productive
capacity and until more is learned of the extent
to which various factors govern productivity,
fertilization programs will continue to be ex-
ploratory.

Good bibliographies and reviews of fertilization
studies are presented by Mortimer and Hickling
(1954) and Maciolek (1954). Maciolek reports
that “Conclusions drawn from all lake-fertiliza-
tion trials indicate that fish may have benefited
from enrichment in only three experiments.”
Fortunately, much has been learned even from
the unsuccessful attempts to aid workers in future
studies.

Since these reviews, Weatherley and Nicholls
(1955) reported on the results of fertilizing a
small, shallow Tasmanian highland lake. The
added nutrients stimulated growth of aquatic
plankton and epiphytic fauna which created a
marked increase in the growth of trout.

Fertilization experiments had been confined to
rather small lakes until Eguchi and others (1954)
reported the enrichment of Lake Skikotsu in
Hokkaido. This lake has an area of 75 square
kilometers and a mean depth of 265 meters. It
was enriched in May 1953 with the objective of
increasing the size of landlocked red salmon.
Since fertilization of the lake, an increase in
plankton abundance has occurred, but as yet no
report has been given on the effect on fish popu-
lations.

In fertilization studies a constant danger exists
of overfertilizing. In such instances vast amounts
of blue-green algae usually appear and eventually
upon decomposition of the algae an anaerobic
condition develops in stratified lakes or, during
winter, in lakes covered by ice. This happens
not. only in fertilization experiments (Ball 1950;
Ball and Tanner, 1951), but lakes often have
been rendered excessively productive by large in-
troductions of domestic sewage. A recent ex-
ample of the latter is reported by Edmondson,
Anderson, and Peterson (1956) to be taking
place in Lake Washington at Seattle, Washing-
ton. At present we have observed no indications
of overfertilization at Bare Lake. A winter trip
in February 1955 showed a plentiful supply of
oxygen at all depths except immediately over the
bottom, and other symptoms of overfertilization
have not appeared.

Following the last fertilization of Bare Lake
in 1956, limited studies were planned in subse-
quent years to provide a comparison of conditions
in the Iake and red salmon production during
and after fertilization. At the time of this
writing it was too early in the investigation to
ascertain the full effects of fertilization on fresh-
water survival of salmon; nevertheless, some in-
teresting effects have been found in regard to
the fresh-water growth and marine survival of
red salmon.

The primary purpose of this study was to de-
termine whether fertilization will substantially
increase red salmon production. If the method
is successful, it might prove useful for increasing
red salmon production in other red salmon lakes.
It also was necessary to study most phases of the
life history of the Bare Lake red salmon. The
first section of the paper deals with character-
istics of the adult population, while the latter
sections show the effect fertilization has had on
the growth and survival of the species.

Many have contributed to the studies at Bare
Lake. Men of the United Fishermen of Alaska
helped support the work financially. Field work-
ers who contributed materially to the collection
of data were Carl E. Abegglen, Robert C.
Davison, Charles .J. Hunter, Clark S. Thompson,
Carl R. Schroeder, Alfred J. Schroeder, Ralph L.
Swan, Robert T. Heg, Charles W. Huver, Robert
Raleigh, Jerry Larrance, and Paul H. Hatch.
W. T. Edmondson assisted in the limnological
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analysis and reviewed the manuscript. Advice
on statistical analyses was given by members of
the Biometries Unit, Pacific Salmon Investiga-
tions.

ADULT RED SALMON POPULATIONS
OF BARE LAKE, 1950-56

ANNUAL ESCAPEMENT AND RUN

All that is known of the history of the Bare
Lake red salmon population has been obtained
from scattered veports of a few men who visited
the lake before 1949. About the only informa-
tion available was that some red salmon spawned
in the lake; no surveys or counts had been re-
corded of the numbers of fish present.

The present study was commenced in 1949,
when observations on the spawning escapement
into the lake, estimated at 300 fish, were made by
airplane. Because of the many errors involved
in measuring fish populations by aerial observa-
tion, the accuracy of this figure is questionable.
Subsequently, a trap for salmon has been main-
tained each year of the study on Bare Creek,
the outlet stream. The trap was located about
50 feet downstream from the outlet, where the
creek is 6145 feet wide. At the lower (down-
stream) end of the trap a picket fence was con-
structed with an upstream lead in it. About
10 feet farther upstream another picket. fence was
placed across the strenm to block the passage of
adult salmon. Fish migrating upstream were led
into the trap and were easily captured in the
shallow water. A section of the trap bottom
was deepened to provide a suitable resting place
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for the fish. The smolt trap was placed immedi-
ately upstream from the adult trap. This trap
consisted of an 18-gauge, 6-mesh-to-the-inch
screen placed across the stream to block the
downstream movement of smolts. Above this was
a V-shaped lead constructed of mesh of the same
size. A diagram of the weir structures is shown
in figure 2.

Daily, all adult salmon entering the trap were
removed by dip net. The fish were measured,
a scale sample was taken for age determination
and the sex recorded.. The fish were then released
into Bare Creek above the trapping area. The
annual count of salmon released into Bare Lake
from 1950 to 1956 is shown in table 1; not in-
cluded in these data are a few salmon taken for
fecundity studies. The escapements ranged from
52 to 551 red salmon with an annual mean of
319 during the 7-year period. The bulk of the
escapement appeared at the weir from mid-June

TaBLe 1.— Weekly escapement of red snlmon into Bure Lake
18960 to 1956

Week ending 1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956

Total. . _oooomamaeaes 851 52 382 | 250 | 232 | 420 347
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FIGukE 2.—Diagram of smolt and adult salmon traps placed across Bare Creek.



62 FISHERY 'BULLETIN OF THE FISH AND WILDLIFE SERVICE

to mid-July. In 6 of the 7 years, the median of
the escapement occurred during the week ending
June 28, _

There seems to be a tendency for the years with
the largest total escapement, namely 1950, 1952,
and 1955, to have two distinet peaks of abun-
dance. For these years one peak occurred during
the week ending June 21, and the other peak
appeared 3 weeks later in 1950 and 1952 and
2 weeks later in 1955. The 4 years of small
escapements show one prominent peak of abun-
dance, and 1953 'and 1954 each had a low sub-
sidiary peak. Some Bare Lake fish are taken in
the fishery; however, upon combining the escape-
ment and catch, the peaks of abundance were

unchanged. It is not known at present whether
fish occurring during these two peak periods
represent distinct populations, or if they are
parts of a common population.

To determine the annual Bare Lake run (catch
plus escapement), it was necessary to determine
the number of Bare Lake fish taken in the com-
mercial fishery of the Red River district. Since
Bare Creek is a tributary of the much larger
Red River it is believed the fishery in the district
removes a proportional amount of fish from the
two runs. A map of Kodiak Island (fig. 3) is
presented to show the location of Red River,
Bare Lake, and the fishing district which extends
along the coast from the mouth of Red River

CHINIAK
BAY

KODIAK ISLAND

Scalein Miles

10 0 10 20
(0= 0= =n - n = ————— |

Ficure 3.—Kodiak Island, Alaska. Shaded areas indicate Red River fishing district. (1) Bare Lake; (2) Red River:
(3) Red Lake; (4) Karluk Lake.
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approximately 30 miles north to Sturgeon Head
and about 15 miles south to L.ow Cape. All fish
captured in the fishing district are assigned to
the Red River run of which Bare Lake is a part.
Of the total run in the district, the Bare Lake
run comprises less than 1 percent.

Annually a count is made of the number of red
salmon entering Red IT.ake by means of a weir
situated immediately downstream from the lake
outlet. Tagging of red salmon at the mouth of
Red River by fishery-management. biologists in-
dicates the fish spend approximately 1 week en
route from the sea to the weir. Travel time to
Bare Lale, although not determined, is estimated
to be 1 week also, since the distances involved
are about the same for both runs. To relate the
occurrence of the escapement to the time of the
catch, weekly escapement records were set back
1 week. Thus, escapement figures for Bare and
Red Lakes were standardized to the time the
fish appeared in the fishery. Hence, during
periods of fishing it was possible to calculate for
Red River what percentage the catch was of the
escapement. This percentage was then applied
to weekly escapement figures at Bare Lake to
detéermine the catch of Bare I.ake salmon (table
2). It is assumed in this calculation that the
ratio of escapement to catch is the same for Bare
Lake and Red Iake. In table 2, the weekly
escapement and catch were added to show the
weekly -run of fish to Bare Lake. The weekly
runs were then summed to provide the annual
run.

TaBLE 2.—Calculated Bare Creek red salmon run
[Based on eateh-eseapement ratios of the Red River run)

Red River! Bare Lake
Week ending
Es- Ratio of eatch to | Es- | Caleu-
cupe- | Cateh escapement cape- | lated | Run+
ment 2 meni 3 | eatch
1950
May 31 ) e - 3 R ]
June 7o 6,000 | 2,000 18 13 31
4. 1,200 | 11,800 A 145 349
g ....... 29, 400 | 14,6800 76 54 130
. S 53,400 | 16,100 - y 90 (1] 154
July 5 19,400 | 13, w0 7l percent 150 106 256
........ 200 | 26, 200 1 3
) L 87,300 [ 25, 700 f 4 1)
Aug. 9.0 ___. LA00G | w100 1 1 2
Totad.__ RS BN PN 585 488 943
1951
Tune 7 35,000 2.300 4 -] 12
______ 17, 500 H, Ut 21 45 (i)
21 ... 3,300 | 37,300 214 pereent 21 45 66
---| L &0O |12 .00 4 9 13
July 5 ___ KM} 1,700 3 [ o
O PR PR SN ) I 1
Total. oL H4 113 167

506615 O =59 -2

TaBLE 2.—Calculated Bare Creek red salmon run—Con.
[Bnsed on catch-escapement ratios of the Red River run]

Red River ! Bare Lake

Week ending
Es- Ratio of eatch to| Es- | Caleu-
cape- | Cateh escapement cape- | lated | Run!
ment 2 ment 3 catch

3. 800 2M percent

10, 800 1 2 3
3, 900 1 2 3
.......................... 350 18 368

I Red River escapement und cateh figures rounded to nearest 100 salmon.

? The Red Lake escapement was set back 7 days to coineide with the time
salmon were taken in the catch.

3 The Bure Luke escapement, including salmon mortalities at the weir
plus fecundily samples, was set hack 7 days to eoincide with the time salmon
were taken in the catch.

4 Cateh plus escapement.

$ Estimated escapement. % Less than 50.

The calculated catch of Bare Lake red salmon
exceeded the escapement approximately twofold
in 1951, and amounted to about 60 percent of
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the escapement in 1950 and 30 percent of the
escapement. in 1953. For the years 1952, 1954,
1955, and 1956, the catch ranged from less than
1 percent to 15 percent of the escapement. Low
percentages of Bare Lake fish taken in the fishery
those years were brought about by regulations
which prohibited any fishing of the early Red
River run. Since Bare Lake fish appear in great-
est numbers early in the season, the majority
escaped the fishery.

AGE COMPOSITION

Each year of the study, with the exception of
1950, scale samples were taken from all adult
fish that entered Bare Lake. In the 1950 season,
scales were taken from more than half of the fish
in the escapement, and the weekly age composi-
tion was based on the age composition of the
samples taken. Nine age groups! of adult salmon
have been noted at Bare Lake: 3,, 4,, 4., 5., 55, 65,
6., T3, and 7,. Of these, only three age groups
are of major importance to the escapement, 5, 65,
and b;, in decreasing order of importance.

The weekly percentage occurrence of each age
group in the escapement has been caleulated for
each year (table 3). During the years 1950
through 1953, the 5, age group predominated,
while fish of the 6, age group were most abundant
in subsequent. years. The predominance of one
age group over the other is dependent on the per-
centage age composition of 2- and 3-year-old
smolts 3 years before the escapement. A tendency
exists for fish in the 6, age group to return early
in the season. As shown in table 3, in 5 years
out of 7 high percentages of this age group oc-
curred early in the season and declined as the
season progressed. Gilbert and Rich (1927)
noted a similar characteristic in red salmon of
this age group at Karluk Lake.

1 The method, first used by Gilbert and Rich (1927) to desig-
nate the age of red salmen, is as follows: A fish resulting from
an egg luld in the spawning gravels in 1950 and that migrated
to the ocean in 1932 and returned to the river in 1955 is called
a five-two and designated thus, 5a. Such a fish would have
emerged from the gravels of the spawning beds in the spring
of 1951 and would have spent 1 growing season or summer in
fresh water. In referring to its fresh-water history it is called
a two-fresh-water fish because it migrated seaward in its sec-
ond year. It would bave spent 3 full growing seasons, i.e.
1952, 1952, 1954, and part of a fourth year in the ocean: but
in referring to its ocean history it is called a three-ocean fish,
beeause it returned as an adult in the third year following its
seaward migration. A fish that migrated to the ocean in its
third year and returned in its sxixth is called a six-three and is
designated 63.

TauvLe 3—Wcckly percentage occurrence of red salmon,
by age group, in the Bare Lake escapement, 1950 to
1956

v Percentage oceurrence in age groups—
Year

3 41 42 5; 53 (i} 6y 7 It

June

July
1

June

Tuly

May 3
June

July
Aug.
Tum
July
Aug.
May 31

June

July

! Added to the escapement for this week are a few red salmon which entered
the lake after this dute. The number of red sutmon involved are as lollows:
1 in 1450, 5 in 1952, 1 in 1953, 3 in 1955, and 2 in 1954,

The annual age composition of the Bare Lake
run and the number of salmon in each age group
were determined by calculating the number of
fish in the weekly run (table 2) that fell in the
various age groups (table 3). The weekly totals
for each age group were combined to give the
total number of fish in each group and percentage
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TaBLE 4.—Age composition of the red salmon run at Bare Lake, Alaska
[Percentage in parentheses]

¥ Namb Number and percentage in age group—
i m
32 4 42 52 5 6 64 7 [
................................................ Ve FO ES S 16 1 IO 10
1950 ®:3) wn| 6.9 a1
1951 e 167 |ocoeeee- 3 1 15 [ [ F 3
oo o @ol  apl @3y 00 @ (1.8
L R ————————— I >/ B F——— - N R - L N - N L - Y [N F I .
©.n| @D 6.7 @] (@33
1958 . e ;= 1. (— 3 4 27 41 ) (T USRI SV [,
9 a2 .9 a3 «®
L SO 7 1 2 17 92 M2 |
o @3 62| @8I 6Ly 09
1055 - 441 b2 12 172 87 U (SO (R
(0.5) 2.7 (39.0) (19.7) (37.6) (0.5)
1956 oo em e ;.- TN (AR F— 13 104 103 |- ceeees 1 3
@.5)] (8.3 0| (529 ©.3) ©.8)
age composition of the run each year (table 4). s4r x
In this caleulation it is assumed that the age /x\x/ \
composition of the escapement reflects the age 62 X
composition of the run. If it were possible to \
distinguish Bare Lake fish in the catch, it might el S .
be found that this was not true in 1950 and 1951, 80 3 0cEAN AGE X S—
the years of large catches. Since then the cal- ¥
[+
culated catches have been small and probably  _ ss; A A
have had little influence on the age composition . J o
E
of the escapement. 2 o .
With knowledge of the size and age composition - X o -
of the annual runs, the return of salmon from E ~——
known spawning escapements or smolt migrations ~ * %
can be measured. o
szt ommmoe” T el
LENGTHS } ..
In the process of taking scales of adult salmon s T=e
at the weir, the sex and fork length of each fish - 1950 1951  1s62  Ie53 1954 1955 1956

were recorded. In figure 4, the mean fork
length by sex for fish of each ocean age is pre-
sented for each year. As insuflicient numbers of
2-year-old ocean-age fish were present in samples
for 1950, this group has been omitted. It is
quite apparent from the figure that the size of
the adults is dependent on the years spent in the
sea and the sex of the fish. In fact, the criteria
affecting ocean growth apply to both sexes and
to both ocean ages. Indications of this were
recorded by Gilbert (1915) for red salmon in
British Columbia and have been reported since
from other areas. The good relation in size each
year between 2- and 3-year-old ocean-age fish of
both sexes would suggest that environmental fac-
tors in the ocean, probably during the last year,
have the greatest influence in determining size
at maturity.

F1cure 4+.—Mean fork length of red salmon in the escape-
ment, by sex and ocean age.

No. significant difference in the size of adults
of the same ocean age but of different fresh-water
ages was found. Over the years, the average per-
centage increase in length of fish spending an
additional year in the ocean was 9.2 for both
sexes. At the same time, males averaged 8.2 per-
cent longer than the females. On the basis of
female red salmon taken for fecundity samples
at the weir (appendix table 1), the average
weight of 2-year-old ocean fish was 3.68 pounds,
while 3-year-old ocean fish averaged 4.78 pounds.
Although the 3-year-old ocean females averaged
9.2 percent longer than the 2-year-old ocean fe-
males, the increase in weight was 23 percent.
Weights of adult males have not been taken, but
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it is probable that a similar weight relation
exists between 2- and 3-year old ocean males.

SEX RATIOS

Sex ratios were established by examining live
fish in a holding box at the weir site. Although
it was possible to examine the fish rather care-
fully, some errors are made in sexing live fish,
especially when the spawning characteristics of
fish of each sex are only partially developed.
For example, in 1953, spawning-ground recoveries
were made of 901 live red salmon, sexed at the
Karluk River lagoon (Nelson and Abegglen,
1955). The fish were placed.in a holding box
and sexed by superficial examination before being
tagged. Later, on the spawning grounds the
tagged fish were recovered dead and at that time
the sex could be accurately determined by dis-
section. It was found that 5 percent of the live
fish were sexed incorrectly; however, there was
no tendency to sex incorrectly a greater propor-
tion of fish of one sex than the other (Fish and
Wildlife Service. unnublished data). Similiar

LR N A ) l(lll)[lulll?ll\.-\.l \illt\(l"o Ulllllll(bllly’
at Bare Lake, during the 4 years that recoveries
on the spawning grounds exceeded one-third of
the escapement into the lake, the sex ratio was
in close agreement with the ratio established at
the weir.

A predominance of female salmon has occurred
each year in the escapement at Bare Lake (fig.
5). This could be due to a higher percentage of
females in the annual smolt migrations. The
sex ratio of Bare Lake smolts has not been de-
termined, but at Karluk Lake (Barnaby 1944)
and Cultus Lake (Foerster 1954b), the sexes were
found to be equally represented in the seaward
migrations. Nevertheless, a pledommance of fe-
m‘lle sockeye salmon also occurred in the spawn-
ing migrations to these lakes, and Foerster
concludes that males may suffer a higher mor-
tality at sea. A greater ocean mmhhty of the
males conld explain the situation at Bare Lake.

It could also be argued that the predominance .

of female red salmon at Bare Lake is due to the
selectivity of gill nets in the Red River district
fishery since gill nets account for two-thirds of
the catch, with purse seines taking the balance.
The selectivity of gill nets in capturing sockeye
salmon of certain size ranges is a well-established
fact. With the 514-inch-stretch mesh nets used
in the fishery, according to findings of the

" influence on (he sex ruiio of ihe run.

Fisheries Research Institute of Seattle, Wash.
(unpublished data), the larger 3-year-old ocean-
age males would be more available to the nets
than the smaller females of that age. During
the years 1952, 1954, 1955, and 1956, however,
the catch was calculated to range from less than
1 percent to 15 percent of the escapement (table
2). Such a small catch could have had little
influence on the sex ratio during those years,
although it may have affected the sex ratio in
the other years. DBoth Barnaby and Foerster
considered the selectivity of gill nets, but they
did not believe this factor could account for the
imbalance in sex ratios that they found in the
sockeye.

It is of interest at Bare Lake that the ratio of
females to males was greater in the 2-year ocean-
age group than in the 3-year ocean-age group
(fig. 8). Thus, it would appear females have a
tendency to return after less time at sea than
males. As 2-year ocean-age fish usually comprise
a small part of the run, they would have little
It might be
concluded that the high percentage occurrence of
2-year ocean-age females is due to their small
size which enables them to escape more readily
the 5l4-inch gill net mesh. The fact they were
predominant even in years of very little fishing
would tend to discount this. At Karluk Lake,
Barnaby (1944) found males predominant in the
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2-.year ocean-age group and females in the 3-
year ocean-age group. He mentioned that, since
males on the average spend less time in the ocean
than females, the mortality of males would be
less than that of the females, which should result
in a preponderance of males. Actually, the re-
verse occurs. As he did not think it probable
that a differential mortality in favor of the fe-
males occeurred during the ocean life he had no
explanation for this phenomenon. The fact that
females predominate in the returns to the three
Inkes strengthens Foerster’s belief that males
suffer a higher mortality at sea. For this to
apply at Karluk Lake, the greater survival of
females would have to exceed the survival ad-
vantage male fish might have from a shorter
ocean life.

SPAWNING

Once the ocean life of the Bare Lake red sal-
mon has been completed, the fish enter Red River
and travel upstream a distance of 16 miles to
the outlet of Bare Lake. Upon entering the lake
they linger for approximately 2 months before
spawning. Duration of this ripening period
varies considerably in the different river systems.
The period of lake residence averages 1 month
in Karluk Lake (unpublished tagging data). In
Lakelse Lake, British Columbia, the period aver-
aged 54 days (Fisheries Research Board of Can-
ada, 1954). Howard (1948) found in Cultus
Lake, B.C., that the period was approximately
1 month. In the Harrison River system of Brit-
ish Columbia, Schaefer (1951) noted the time
was a month or less. It would appear the dis-
tance from salt water to a lake has little if any
bearing on the length of the red salmon ripening
period. Perhaps the length of this ripening
interval is a characteristic of particular runs.

To determine the fecundity of Bare Lake sal-
mon, egg counts were made of a few salmon
captured at the weir during the years 1952
through 1955. The fork length, weight, age, and
egg count by ovary, of the fish sampled is pre-
sented in appendix table 1, page 84. Tt was
found that. the right ovary of Bare Lake salmon
usually contains more eggs than the left ovary.
This is rather unusual as the reverse generally
occurs with salmon in other aveas. It was de-
termined that the fecundity of the fish sampled
increased with the age and length of the salmon,

with length accounting for 44 percent of the
variation in egg count. As egg counts were not
taken in all years, it was necessary to calculate
a regression line of egg count on fork length with
the existing data. This common regression line
was used to estimate the fecundity of the fish
each year. It was hypothesized that the regres-
sion of egg count on fork length might be the
same for all years. Covariance analysis failed to
reject this hypothesis at the 5-percent level.

Spawning oceurs on certain areas of the littoral
zone avound the lake; the one tributary stream
and several small seepages are not used. During
the spawning period, frequent surveys were made
of the spawning areas to recover dead fish. All
fish recovered were dissected and the sex and
spawning condition recorded.

Except in 1950, all eggs retained in the body
cavity of partially spawned female salmon were
counted. As only two female salmon were re-
covered in 1951, the sample size was inadequate
to determine the average egg retention that year.
For the years 1952 through 1956, the mean annual
egg retention, which in this calculation included
partially spawned as well as unspawned salmon,
ranged from 66 to 208 eggs per female (table 5).
The mean retention for the 5-year period was
148 eggs per female while the mean retention for
partially spawned fish was only 96 eggs per fish.
The figure of 148 eggs was used to estimate egg
retention in 1951,

Of the female salmon examined on the spawn-
ing grounds in 1950, 26.8 percent were totally
unspawned. Since no count was made of the
eggs retained in the ovaries of spawned fish, the
mean egg retention of 96 eggs per spawned female
for the years 1952 to 1956 was used. Upon cal-
culating egg retention for all female salmon in
1950, the average retention was found to be 970
eggs per female, or a-total egg retention of 28.7
percent of the eggs available for deposition. This
loss may have heen caused by high water tem-
peratures during the middle of August when the
fish were on the spawning grounds. That year
the mean surface temperature from August 9 to
August 19 averaged 16.9° C., which is higher
than the average temperature recorded in the
same period during the following 6 years. Foer-
ster (1938) noted a very low egg retention in
spawned female sockeye examined on the spawn-
ing grounds at Cultus Lake in 1925 and 1935.
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TABLE 5.— Annual egg deposition of red salmon in Bare Lake, Alaska

Dead female spawners examined
. Esecapement ( Mean fork Potential Corrected
Year of females length of Fecundity! egg egg
females (cm.) deposition Number Recovery Egg reten- deposition
(percent) tion per fish

285 57.1 3,374 961, 600 71 24.9 2970 685, 100
30 57.5 3,417 102, 500 2 6.7 3148 98, 100
235 56. 6 3,319 780, 000 158 67.2 114 758, 200
146 57.0 3,363 491, 000 22 15.1 166 466, 800
134 54.7 3,112 417, 000 64 47.8 208 389, 100
244 5¢.5 3.090 754, 000 104 42.6 66 737, 900
185 54.4 3,079 569, 600 59 319 184 535, 600

1 Fecundity based on regression line of fish fork length on egg count for
RIS e e B, b o R

2 Egg retention based on the percentage of unspawned female salmon re-
However, unspawned fish were found dead on
the spawning grounds in those years, and if they
are included, a mean egg retention of 6.3 and
of 19.8 percent occurred.

In table 5, the egg deposition is shown in two
ways. The first is based on the escapement, the
mean fork length of the females for the year, and
the mean number of eggs for that size fish, caleu-
lated from the regression formula ¥ = —2849.18

+ 108.98.Y. The second includes a correction ap-
plied to those figures based on the mean egg
retention of the females recovered on the spawn-
ing grounds each year. The largest egg deposi-
tion occurred in 1952, yet the escapement that
year was smaller than in 1950 and 1955. This
indicates that the egg deposition based on the
number and fecundity of female salmon in the
escapement alone can often be in error. A meas-
ure of the egg deposition is important in measur-
ing the survival to Jater stages in life. Later the
survival from egg deposition to the smolt stage
will be shown.

EFFECTS OF FERTILIZATION ON
YOUNG RED SALMON

FIRST-YEAR GROWTH OF RED SALMON

As previously pointed out, the majority of the
adult red salmon spawn during August. By the
first part of November the lake is generally
covered with ice and remains thus until the fol-
lowing April or May. Seine hauls indicate the
young emerge from the gravels during May and
June. The time of emergence is dependent. upon
the time of spawning and water temperatures
during the incubation period.

If fertilization is augmenting the food supply
of the young red salmon, one of the first indica-
tions probably would be the increased growth of

covered and the mean egg retention of spawned fish for the years 1952-56.

3 Samgle size was inadequate, so mean egg retentlon for years 1952-56
was used.

the young fish. To determine if such an increase
occurred, seine hauls were taken each growing
season during this investigation. The fish cap-
tured were counted and a sample of juvenile * red
salmon was anesthetized, after which lengths and
weights were recorded and scale samples were
taken. The salmon were held in live boxes to
recover from the anesthetic and were then released
into the lake. The catches included young red
salmon of three age groups with the fish from
the hatch of the year being the most prevalent.
Although the three age groups generally can be
easily separated by lengths, scales were taken
from each fish sampled to validate the age de-
termination.

The growth of red salmon during their first year
of life in the lake is shown in figure 6. As noted
in the figure, a rather progressive increase in
growth occurred during the years 1950 through
1955. It is unfortunate that more seine hauls
were not taken in 1950; however, it is believed
that the length of the fish taken then is repre-
sentative of the growth at that time. The rather
sharp decline in growth rate during 1956 is dis-
cussed in a later section.

AGE COMPOSITION AND SIZE OF SMOLTS

At Bare Lake the majority of the red salmon
smolts migrate to sea at the beginning of their
second or third year of life. Occasionally, a few
fish remain until their fourth year, but only
rarely do the fish leave the lake in their first year
or remain as long as their fifth.

The smolt migration commences the latter part
of May each year, reaches a maximum during

2 Stages of the life history of red salmon used in the text are
defined as follows: Fry—the period following the absorption
of the yolk sac up to the time of active feeding: juvenile—the

perind commencing with feeding to the time of seaward migra-
tion ; smolt—the period of migration from fresh to salt water.
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F1GURE B.—Growth curves of red salmon during their first summer in Bare Lake.

June, and is generally over by the end of July.
Unlike in most other areas, smolts in Bare Lake
tend to leave the lake during the day on their sea-
ward migration. The reason for this is not
known, although large migrations have been wit-
nessed occasionally at Karluk Lake during day-
light hours and have also been reported from
other arens.

Each day during the migration, the smolts
were counted, and a sample was taken to deter-
mine the age composition, weight, and length of
fish in the migration. The trap (fig. 2) is of
simple constraction.  The smolts migrating down-
stream tail first are led into the trap. They were
captured with a small seine and transferred into
tubs of water; the species were sorted and
counted ; the red salmon smolts were placed in a

live box, and other species were released below
the weir. During days of large migrations the
trap was seined frequently and the red salmon
smolts were accumulated in the live box. At the
end of the day a sample of the catch was taken
for processing. The live hox has two compart-
ments of equal size separated by a removable par-
tition. To obtain a sample of the catch, the
partition was lowered to divide the catch in half.
One-half was released in the stream below the
weir and the remainder subdivided if necessary
until a sample of 50 to 100 fish was obtained.
Once the sample of fish was separated from the
daily cateh, the sample was placed in a tub of
fresh water. From the tub a few fish at a time
were dipped into a bowl] containing a 0.5-percent
solution of wrethane. After the fish were



70

anesthetized, fork lengths and scale samples were
taken, and each fish was weighed on a beam bal-
ance having a sensitivity of 0.01 gram. Before
the first fish was weighed, the balance pan was
wetted down and the weight of the wet pan set
at zero grams. In standardized manner, a fish
was placed on the pan, weighed, and transferred
to a container of fresh water. Before the next
fish was weighed the pan was given a quick shake
to eliminate the bulk of the water that had
drained from the fish. Periodically the zero set-
ting was checked. By this method, the weight
of the fish as recorded here actually includes a
film of water that amounts to about 3 percent of
the body weight. The smolts were held in the
live box for several hours, or until they appeared
fully recovered, and then were released to con-
tinue their seaward migration. Mortality has
heen very slight in this operation, and fish were
held as long as 2 days without showing signs of
distress from the handling and anesthetic.

In appendix table 2, data are presented show-
ing by weekly periods the migration, age compo-
sition, mean length, and mean weight of smolts
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in each age group during the years, 1950-56.
Also given is the number of smolts sampled each
week from which the measurements were derived.

The weekly age composition of smolts during
the season has followed a rather consistent pat-
tern from year to year. In general, the older
smolts migrate to sea earlier in the season. In
the years of study the 2- and 3-year-old smolts
have accounted for over 99 percent of the annual
migrations while the 1-, 4-, and 5-year-old smolts
make up the balance. Because the minor age
groups make up such a small part of the migra-
tion, they are discussed only briefly.

Figure 7 shows the percentage of 2-year-old
smolts in the weekly migrations during the years
1950-56. Although the 3-year-old smolts are not
shown, it is easy to visualize the complement of
the curves presented. Usually the bulk of the
3-year-old smolts has migrated by early June
while the 2-year-old smolts migrate in their great-
est numbers the latter part of June. In 1950 and
1954, some variations occurred in the normal
migration. In the former year, over 60 percent
of the July migration was composed of 3-year-
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© Firoure 7.—Curves showing the weekly percentage of 2-year-nld red salmon in the annual smolt migrations,
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old smolts, while during May 1954, 2-year-old
smolts predominated over the older fish. Very
few fish migrated during these periods; but that
does not account for the unusual age composition,
for which there does not seem to be a satisfactory
explanation.

The percentage of 2-year-old red salmon in the
annual smolt migration has ranged from a high
of 86 percent in 1954 to a low of 23 percent in
1951 (fig. 8, ¢). A comparison of the annual per-
centage composition of 2-year-old smolts with
the size of the smolt migration (fig. 8, d), shows
that in years of large smolt migrations (1950,
1954, and 1955) the younger smolts predominated.
This no doubt applied also to the smolt migra-
tions of 1947 and 1949. From each of these mi-
grations large numbers and a high percentage of
the 2-year-old smolts returned 3 years later as
adults at age 52 (table 4). For this to occur, the
smolt migrations in those years must have been
large and made up mostly of 2-year-old fish.

To determine the effect that the number of
smolts produced by a brood year might have on
the age at which they migrate to sea, a calcula-
tion was made of the number of smolts produced
by brood years 1948-53 and the percentage of
smolts which migrated to sea from each brood
as 2-year-old fish. It was found that approxi-
mately 60 percent of the variability in the per-
centage of smolts migrating to sea in their second
year was associated with the number of smolts
produced in a brood year. Greater percentages
of smolts migrated to sea at an earlier age from
brood years of high production than from years
of low production. Possibly population pressure
caused the bulk of fish in the big-brood years to
migrate earlier. This could account for the low
populations of 3-year-old smolts, because only in
brood years of low smolt produetion could they
dominate in numbers over the 2-year-old smolts.
Also, limiting the abundance of the older smolts
would be the additional mortality imposed on
this group by the extra year in fresh water.

There is a general tendency for the slower-
growing fish in the population to migrate later
in the season or remain in the lake another year.
This is apparent over the years and is shown in
a comparison of the length curves each season of
Z-year-old smolts taken in the smolt trap and
2-year-old juvenile red salmon captured in seine

hauls (figz. 9). However, size alone appears to
have little influence on the age composition of the
smolt migration. The increase in size of smolts
since 1950 has not brought about an increase in
the percentage of younger smolts in the annual
migrations.

A considerable increase in the size of smolts has
occurred since 1950. The smolts of 1950 could
receive no benefit from the first fertilization of
Bare Lake, as they migrated before the applica-
tion. The rather progressive increase in length
and weight of smolts, which occurred, built up
to a peak in 1955 and declined somewhat in 1956
(fig. 8, @ and &). The smolts of 1955 in all age
groups were more than 30 percent longer and
more than 150 percent heavier than those of
1950. During the years 1951-55, increase in size
of smolts was rather consistent among all age
groups. Upon comparing figures 8, ¢ and 8, b with
figure 8, d, no relation is found between the size
of the migration and the increase in length or
weight of the smolts during the years of study.
More often, as veported by others, there is a
tendency for smolts to be small in years of large
migrations. Evidently this did not take place at
Bare Lake as the food supply of juvenile red
salmon was adequate even in years when they
were abundant.

Information was obtained on the size of smolts
in the years 1947, 1948, and 1949 through use of
a procedure involving scale radius measurements.
The method involved taking scale-radius measure-
ments from 100 smolts each of 2- and 3-year-old
fish for the years 1950 through 1953. It was de-
termined that a highly significant correlation
(» = 983; P <.01) exists between scale radius
and fork length of smolts when the age groups
are kept separate. When the age groups were
combined for each year, the correlation between
mean annual length and mean. scale radius
weighted by the age composition of the migra-
tions was found to be significant at the 5-percent
level in which »=0.91.

Since a relation existed between the scale ra-
dius and size of the smolts, it was necessary to
show agreement between the fresh-water scale
radii of the adults and the scale radii of the
smolts that produced the adults. To do this,
scale-radius measurements of the fresh-water
growth were taken from almost all of the adult
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Bare Lake, Alaska, 1951-56.

salmon in the escapement produced by the smolt
migrations of 1950 through 1953. In several in-
stances, returns of adult salmon by individual
fresh-water age were quite small, so the age
groups were combined. The mean scale radius
and length of smolts for the years 1950 through
1953 and the mean fresh-water scale radius of
adults returning from each of these migrations
are shown in table 6. Comparative data for the
4 years show the fresh-water-zone scale radii of
returning adults were larger than or equal to
those of the smolts producing them. The increase
probably is caused by a greater mortality of the
smaller smolts at sea. Measurements of the fresh-
water-zone scale radius were also taken from
scales of adult salmon returning from the smolt
migrations of 1947 through 1949, and data in
table 6 indicate that these radius measurements
were slightly smaller than those of the adult sal-
mon in 1950. This is good evidence that the
smolts of 1947 to 1949 were smaller than those of
1950, although it does not necessarily mean they
were smaller in all age groups.

TaBLE 6.— Weighted mean length and mean scale radius of
2-year-old and 3-year-old smolts combined and mean
fresh-water-zone scale radius of adults returning from the
smolt migration

Combined 2- and 3-year-
old smolts Mean fresh-water
Year of smolt migration scale radius of
returning adults
Mean length | Mean scale (mm.) !

(cm.) radius (mm.)
____________________________ 0.29
____________________________ 2B
............................ .30

72.8 0.28 .32
81.8 .34 .37
79.1 .32 .32
90.2 .39 .41

1 Combined 2- and 3-year-6ld fresh-water age groups.

RELATION BETWEEN RED SALMON GROWTH AND
RATE OF PHOTOSYNTHESIS

As pointed out previously, the size of the red
salmon increased progressively between 1950 and
1955. A decline in size occurred in 1956 among
the fry ‘and 2- and 4-year-old smolts. Although
the 3-year-old smolts in 1956 were slightly larger
than those of the year before they weighed less
(fig. 8, ) which indicates poor growing condi-
tions. Curves showing the trend in size of fish
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in each group for years 1950-56 are presented in
figure 10, «. Juvenile lengths are based on the
length the fish attained on August 27 of each
year, as shown in figure 6. That date was se-
lected since it is the latest date in the season for
which length data were available for all years.
Annual mean smolt length of each age group was
determined by sampling throughout the period
of smolt migration.

The observed progressive increase in fish size
might be expected, because the organisms the fish
eat are relatively long lived, and some time would
be required for the population to build up in re-
sponse to an increase in food supply brought
about by fertilization. The decline in 1956 was
unexpected, and an effort was made to determine
the cause. Possible explanations for this decline,

particularly temperature and primary food pro-

duction, were examined. Air temperatures taken
at Kodiak, 80 miles northeast of Bare Lake, were
examined for the months from September 1955
to May 1956 and for like periods in the preceding
years. Temperature data were insuftficient from
Bare Lake; however, for the months in which
temperatures were recorded, they were closely
correlated with temperatures at Kodiak.

The mean temperature at Bare Lake from
September 1955 to May 1956 was 33.7° F., which
was 2.5° below the mean for like periods of the
preceding 6 years. Furthermore, each monthly
mean temperature was lower than the monthly
mean temperature of the 6 previous years. The
air temperature could hardly influence the water
temperature once the lake was frozen, but a
prolonged period of low air temperatures could
increase considerably the thickness and duration
of the ice cover. Also, because of the severity
of the conditions at time of freezing, the lake
water may have heen at a_ somewhat lower

Ficure 10.—The relation hetween gross rate of photosyn-
thesis and growth of red salmon juveniles. a. Curves
showing the mean length of juvenile red salmon on Au-
gust 27 of their first growing season and of red sal-
mon smolts migrating to sea in the beginning of their
2d. 3d. and 4th year of life for the years 1950-5G. b.
Curves showing the mean rate of gross photosynthesis
during the years 1040-56 for the 10-day periods after
the June application of fertilizer and for a similar
period after the July application. Also presented is a
curve of the average of the two periods for those years.
Points on the curves marked hy an x denote that the
values are estimated ov partly estimated. c¢. Scatter
diagrams showing the rvelation between gross photo-
synthesis and fork length for each age group of fish.
Regression lines are drawn by inspection.
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temperature than at the time of freezing in other
years. These conditions could have resulted in
reduced growth and increased mortality of fish
food organisms and may have had some effect
on the fish themselves. When all years were
considered, however, no relation was found be-
tween mean temperatures during this period or
during the summer period and fish growth.

The data gathered each year on growth rate
of young salmon and primary productivity as
measured by the rate of photosynthesis of the
phytoplankton were examined to determine if a
relation existed between them. If a relation was
found it would tend to substantiate the proposi-
tion that the salmon population is held in check
hy insufticient food and would provide an ex-
planation for the decline in fish growth during
1956. _

Plotted in figure 10, 5 are the mean rates of
gross photosynthesis, determined by the method
described by Nelson and Edmondson (1955), for
the 40-day period after each June and July ap-
plication of fertilizer and the average rate of the
combined periods. The gross rate of photosyn-
thesis for the period after the July fertilization
increased progressively each year up to 1953, was
considerably lower in 1954 and 1955, and increased
again in 1956. The rates of photosynthesis after
the June fertilization show a different trend dur-
ing the years 1952-56. Unlike in the later period,
a small decline in rate of photosynthesis from
1952 occurred in June 1953, and a progressive
minor increase occurred in subsequent years. As
photosynthetic activity was greatest after the
July fertilization, the curve of the combined
periods followed a similar pattern although the
fluctuations were smaller. No actual measure-
“ments were made in 1949 when the lake was not
fertilized, but on the basis of measurements made
just. before fertilizing the lake in July of 1950
and 1951 (Nelson and Edmondson, 1955), it is
believed the mean rate of oxygen production
would not have exceeded (.12 mgm. per liter per
day and may well have been about 0.06. This
fimure is plotted as the rate during 1949 and
during the early part of the 1950 and 1951 seasons
when the lake was not fertilized in June. The
causes of the fluetuation in rates of photosyn-
thesis during these years has not yet been an-
alyzed, but the changes are of considerable
magnitude, particularly in July.

A cursory comparison of the curves of seasonal
rate of photosynthesis with the size of young red
salmon reveals a certain correspondence between
them (fig. 10, @ and 5). To show the relation
more clearly, correlation diagrams were made
(fig. 10, ¢). In the case of juvenile red salmon
in their first growing season, it was thought three
periods in time would be important in affecting
the population size and growth of the new crop
of insect larvae hatching in early summer and
which would be fed upon by salmon hatehing
that spring. The period after the July fertiliza-
tion of the previous year was considered impor-
tant to the survival of the brood stock of insect
larvae that was to produce the new generation
utilized by the recently hatched fry. Periods
after both the June and .July fertilizations would
influence the growth and survival of the newly
hatched larvae. Thus, in figure 10, ¢ for the years
1950-56, the length the juveniles attained on
August 27 of their first growing season is plotted
against the mean rate of photosynthesis after
June and July fertilizations of that year and
after July fertilization of the preceding year.
All three periods were weighted equally in estab-
lishing the mean.

To show the relation between smolt size and
rate of photosynthesis, the mean fork length of
smolts for each age group was plotted against
the mean rate of photosynthesis over those periods
mostly responsible for the development of insect
larvae upon which the fish fed during their lake
residence. As the bulk of the smolts usually
migrated prior to the third week in June during
the years of study, the period after the June 10
fertilization in the year of smolt migration would
be of little or no value in providing fish food
organisms for the smolts before they migrated.
However, conditions in the preceding years would
aflect. the food supply of these fish, with the
older smolts heing subjected to the environment
for the longer period of time.

The following example shows the procedure
adopted in making the scatter diagrams (fig.
10, ¢) for smolts of various ages: The
mean fork length of the 2-year old smolts migrat-
ing to sea in 1955 was plotted against the mean
rate of photosynthesis in the fall of 1953 and
during 1954 the mean fork length of the 3-year-
old smolts migrating the same year was plotted
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against the mean rate of photosynthesis during
the years 1954 and 1953 and the fall of 1952;
correspondingly, the mean fork length of 4-year-
old smolts in 1955 was plotted against the mean
rate of photosynthesis for the years 1954, 1953,
1952, and the fall of 1951. The rate of photo-
synthesis over each 40-day period was given equal
weight in establishing the mean rate.

A good relation between fork length and rate
of photosynthesis was found in smolts (fig. 10, ¢).
The relation was weaker in fry. Perhaps sam-
pling in the lake was inadequate to establish with
sufficient accuracy the size of the juveniles on
August 27. Nevertheless, the decline in rate of
photosynthesis during 1954 and 1955 appears to
have had considerable effect on the size the
fish achieved in 1956. The relation between fork
length and photosynthetic rate indicates a much
closer dependence of fish growth on primary
photosynthetic productivity than might have been
expected @ priors.

Phytoplankton is immediately or -indirectly
available to zooplankion and to many of the
bottom organisms which are used as food by the
salmon. Since so many steps exist between
the original synthesis of food materials by the
phytoplankton and the growth of the salmon
and since fish are affected by so many environ-
mental factors in addition to food supply, one
might not expect a relation to exist between sal-
mon growth and photosynthetic rates of the
phytoplankton. Since such a relation does exist,
it might be understandable in terms of the food
chain involved. A higher primary production
would result in a better state of nutrition of the
crustaceans, insect larvae, and other animals on
which the fish feed. The food animals would
grow larger and be more nutritious to the fish.
Adult insects produced from well-fed larvae
would presumably be able to lay more eggs, and
this would increase the potential population of
insect larvae in the lake.

It will be interesting to follow this relationship
when fertilization of Bare Lake is discontinued.
Furthermore, it will eventually be possible to
make a rather complete assessment of food con-
ditions at Bare Lake when all the time-consuming
censuses of plankton and bottom fauna are fin-
ished.

EFFECTS OF FERTILIZATION ON
RED SALMON SURVIVAL

FRESH-WATER SURVIVAL

It is hypothesized that fertilization of Bare
Lake increases the fresh-water survival of young
red salmon. To determine this requires many
years of observations. For example, to measure
survival from one brood year to the smolt stage
requires an enumeration of the number of smolts
of that brood migrating seaward 2, 3, 4, and
5 years later. Up to the present time no measure-
ments have been made of the fry hatch from
known egg depositions. In fact, very little has
been done in other areas toward measuring fry
production from a beach spawning area because
of the many difficulties involved in conducting
such work. If this could be done it would be
extremely useful in evaluating the effect of mete-
orological conditions on the eggs over winter.
To some extenf, conditions that produce poor
survival to the smolt stage might in part be
created during the period the eggs are in the
gravels rather than during the free-swimming
period in the lake. In such a case any benefits
fertilization might have on survival would be
masked.

Survival to the fry stage has been measured
in several streams in British Columbia. In Scully
Creek, a small tributary of Lakelse Lake, fry
production for 5 years averaged 11.8 percent
(range, 9.3 to 13.7) ; Williams Creek, located in
the same system, had a production of approxi-
mately 7.5 percent in 1954; Six Mile Creek,
Babine Lake, had survivals of 19 percent in 1954
and 12 percent in 1951; Port John survivals were
13.4 percent in 1954, a mean of 9.5 percent for
earlier years, with a range of approximately 1.7
to 25.5 percent (Fisheries Research Board of
Canada, 1955, p. 81). The range of fry produc-
tion at Scully Creek was small over the 5-year
period, but at Port John the range was large.

Because of lack of information on survival to
the fry stage at Bare lLake, the range in fry
survival is not known. To determine if fertiliza-
tion has increased survival of red salmon from
the egg to the smolt stage, will require that ob-
servations be made both during the years of fer-
tilization and those of no fertilization.

At the present time rates of fresh-water sur-
vival have been measured from the brood years of



EFFECTS OF FERTILIZING BARE LAKE, ALASKA, ON RED SALMON 7

1950 through 1953. During those years an in-
creased survival was indicated which could have
heen caused by a buildup of nutritional benefits.
As shown in table T, the average annual survival
rate during the period was 2.96 percent. These
survivals are hased on egg depositions (table 5),
with the correetion applied to unspawned and
partially spawned fish. In many areas, this cor-
rection has not been so readily assessed; hence,
survival rates have been based on the potential
egg deposition, as determined from the number
and fecundity of female salmon in the escape-
ment. When no correction is made to Bare Lake
data, the mean survival rates during the years
average 2.76 percent (range, 0.74to 4.86)—a sur-
vival somewhat greater than has been reported
from other areas. Barnaby (1944) found the
fresh-water survival of Karluk River red salmon
usually to be less than 1 percent. He suggested
that the survival is low because the fish have a
longer residence in fresh water. Measurements
of fresh-water survival at Cultus Lake, British
Columbia, during 1925, 1927, and 1930 were 1.13
percent, 1.05 percent, and 3.16 percent, respec-
tively (Foerster 1936a). The smolts ranged in
length from 2 to 4 inches, which would be com-
parable in size to the smolts of Bare Lake. At
Lakelse Lake, Brett and McConnell (1950) re-
port survivals of 1.1 percent, 0.4 percent, and 1 to
2 percent during the years 1946 through 1948,
At Babine Lake, British Columbia, survivals of
048 percent, 0.77 percent, 1.57 percent, and ap-
proximately 2 percent were found for the years
1949 through 1952, respectively (Fisheries Re-
search Board of Canada, 1955). From Dombroski
(1954), the average lengths of Babine Lake smolts
for years 1950 through 1953 were 83.1 mm.,
82,5 mm., 80.6 mm., and 86.5 mm., respectively.
During this period these fish averaged slightly
longer than Bare Lake smolts. The lower fresh-
water survival of Babine Lake red salmon may
be compensated by the larger size of smolts
migrating to sea.

The fresh-water survival values of red salmon
at Bare ILake were measured during the years
the Inke was fertilized. Although the fresh-
water survival at Bare Lake averages slightly
higher than reported from other areas, this could
be normal. With a high average fresh-water
survivi, the marine survival might be expected
to be lower than the normal; otherwise, produc-

TaABLE 7.—Fresh-waler survival of young red salmon in
Bare Lake, Alaska

Downstream smolt production !
Brood Egg dep- Survival
year osition (percent)
2 years | 3 years |4-5 years| Total

3, 668 3, 441 51 7,160 1,05

1, 644 1,692 292 3,628 3.7

10, 532 4,311 46 14, 889 1.98

20,4033 3,808 2 50 23,841 5.11

¢ Including mortalities at the trap.

 Estimated.
tion would be unusually high compared with
other areas. It is possible that a compensating
factor operates, so that if fresh-water survival is
low marine survival is high, and vice versa.

For fertilization to increase survival, it should
indirectly create more food for the young red
salmon. With an increase in food, growth would
be increased before survival would be improved,
as is indicated in the preceding section. To
determine the end product in the food chain
from fertilization of the lake to food of the
young red salmon, the stomach contents of 150
juvenile red salmon were examined, including
51 smolts, 10 juveniles taken during February
1955, and 89 juveniles taken in seine hauls during
the following summer. The diet of the young
fish, including the smolts, taken during May
through September, consisted mostly of bottom
fauna with chironomids comprising the major
part. The fish taken during February 1955 from
under the ice were found to be feeding chiefly
on ostracods and copepods.

OCEAN SURVIVAL

Measurements of the fresh-water survival, as
described in the preceding section, represent only
a portion of the life of the red salmon. Once the
smolts leave the lake for their ocean sojourn,
they are subjected to a new set of environmental
hazards that may be very important in deter-
mining the survival rate. For comparison with
results at Bare Lake, other observations on ocean
survival of red salmon will be briefly reviewed.

The most comprehensive studies of ocean sur-
vival of red salmon have been made by Foerster
(1934, 1936b, 1954a) at Cultus Lake and by
Barnaby (1944) at Karluk Lake. In the former
investigations, all smolts were captured at the
weir and the annual seaward migration was enu-
merated. During each of the 3 years following
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each smolt. migration, the age composition of the
escapement was determined, and from this the
number of adults in the escapement returning
from the smolt migration was calculated. As
the Cultus run makes up a small portion of the
Fraser River run, and, since the catch usually
exceeds the escapement, it was difficult to nssess
the portion of the fish returning to Cultus Lake
that were taken in the fishery. To measure the
total return of smolts as adults, during 1930 and
1931 all the smolts were marked by clipping a
different comhination of fins each year. There-
after, fish returning to the weir and taken in
the fishery as adults were examined for marks.
The percentage of marked fish returning from
each year's marking indicated the ocean survival.
Foerster (1936D) reported recoveries of 3.67 per-
cent and 3.5 percent from the two markings.
Previous marking experiments, however, had in-
dicated that marked fish suffer a 62-percent dif-
ferential mortality over unmarked fish. Upon
conectinfr for fhis ]oss, he concluded that the
apprommate]y 0.9 percent. F01 other yef\.rs at
Cultus Lake, Foerster (1954a) presents a table
of the smolt migrations and the percentage sur-
vival of smolts that returned in the spawning
escapement only. The survival rates ranged from
(.31 to 6.68 percent, with a mean of 2.74. From
recoveries of marked fish in 1930 and 1931 the
catch accounted for one-half of the recoveries
in the one year and three-fourths of the recoveries
in the other year. If the catch wusually takes
from one-half to three-quarters of the run, the
percentage survival as given by Foerster should
be two to four times greater than indicated, if
they are to account for the total return of smolts.

During the period in which ocean survival of
salmon was measured at Cultus Lake, the smolts
averaged 582 millimeters in length (range, 66
to 107) and 747 grams in weight (range, 2.7 to
12.8). In regard to the relation hetween ocean
survival and smolt size Foerster (1954a) con-
cluded—
Analysis of these data Indicated a negative correlation
between size of migration (in number of smolts) and
percentage return of adults which is found (by multi-
ple corvelation treatment) to be related prinecipally to
the size (weight in grams) of the smolts.

In a somewhat different manner, Barnaby meas-
ured the ocean survival of Karluk smolts. Re-

sults of his studies showed a greater survival in
the ocean among the older and larger 4-year-old
smolts than among the smaller 3-year old smolts.
Avemge survivals for 6 years for the two groups
were 25.7 percent and 17.4 percent, respectively.
Avemge survival for all age groups was 21.4 per-
cent. Barnaby points out that these high sur-
vivals were due to the large size of the smolts.
As shown in the table of smolt sizes which he
presents, the fish averaged approximately 137
millimeters in length and 24 grams in weight
during the years of study.

By using table 4, the number of smolts re-
turning as adults from the Bare Lake smolt
migrations of 1950 through 1953 can be deter-
mined. For example, from the 1950 smolt migra-
tion, 3 adults returned as age-group 4, in 1953,
18 adults as 4, in 1952, 271 adults as 5. in 1953,
30 adults as H; in 1952, and 16 adults as 6; in
1953. Summing these returns gives a total of
333 adults returning from the 1950 smolt migra-
tion. The number of fish returmng and per-

T ot S QY | I
centage return from this mismum anda suvsequent

smolt migrations is shown in table 8. This table,
patterned after Foerster’s table (1954a, p. 342),
shows the relation between the size and number
of smolts and the return of smolts as adults.
The percentage of smolts returning (ocean sur-
vival) increased during the 4 years. This corre-
sponds. with an increase in size of smolts during
the period and is in agreement with the work
of Barnaby and Foerster previously mentioned.
The slight discrepancy in the relation between
size and percentage return in 1951 and 1952 prob-
ably is not significant, since size of the smolts and
percentage return are quite similar.

It is of interest that the return of adults from
the smolt migration of 1953 was greater than from
that of 1950 although the migration of 1953 was
less than one-half as large as that of 1950. This re-
sulted from the increased survival at sea of the
large smolts migrating in 1953. Possibly these
smolts, by being larger and more vigorous, were
better equipped to evade predators and withstand
other hazards of their early life at sea. Thus,
fertilization in an indirect manner may have
caused a profound effect on survival. On the
basis of the large smolt migrations of 1954 and
1955 and the large size of the smolts since 1953
(table 8), we might expect good returns of adult
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salmon during the years 1957 and 1958.2 Adverse
ocean conditions could influence the number re-
turning and in fact, this factor probably accounts
in part for the wide range in returns found by
Foerster at Cultus Lake.

TaBLie S.—Annual smolt migration, mean annual lengths
and weights of smolls, and number and percentage of smolts
returning as adult salmon, 1950 through 1956

[A1l age groups combined]

Smolt migration Returning adults

Year Mean Mean Percentage
Number fork weight Number | of smolt
. length {gm.) migration
(mm.)
10, 199 73.2 3.35
4, 03 82,2 4.83
8, 620 80.5 4. 59
5,058 o).2 6.51
12,189 93.7 8.2
24, 10 97.2 8.
6. 525 97.0 8.23

EFFECTS OF FERTILIZATION ON
OTHER FISHES

In addition to red salmon, Bare Lake supports
populations of six other fish species, coho salmon
(Oncorhynchus kisutch), king salmon (Oncor-
hynchus tshawytscha), steelhead trout (Salmo
gairdnert), " Dolly Varden charr (Salvelinus
madmat), seulpin ( Cottus aleuticus), and the three-
spine stickleback (Gasterosteus wculeatus). Of
these species, juvenile king salmon, steelhead
trout, and sculpin are present in small numbers
and probably have little effect on the general
ecology of the Jake. The other species are im-
portant as predators or competitors of juvenile
red salmon. Of interest in this study is the
effect. fertilization of the Jake may have had on
these species.

Only limited ohservations were made on fish
populations other than red salmon in Bare Lake
during the years 1950 to 1954

Observations on the growth and population
size of Dolly Varden charr were initiated in
1954 and expanded in 1955. These are to be

2 Data that have become available sinee completion of this re-
purt show that in 1957 approximately 265 red salmon returned.
From stream surveys of Bare Creek. it is estimated that the
stream was impassable to salmon from the period JTuly 1 to July
19. Lack of rainfall created this condition. The blocking of
the migration during this period might at least in part explain
the poor run. The run in 1958 was the largest on record. Al-
though no weir was maintained in Bare Creek this year. 914
red sallmon were recovered on the spawning grounds. Upon
eonsidering the number of salmon not recovered on the spawning
grounds and the number taken in the fishery, it is estimated that
the 1958 run was appreximately 2,000 red salmon.

reported by C. S. Thompson at a later date. In
addition, some samples of coho smolts have heen
obtained since 1954 for determination of age and
size composition. At the smolt trap, records have
heen kept of the number of coho and red salmon
smolts, Dolly Varden charrs, and steelhead trout.
migrating to sea (table 9). Included in the coho
count are a few king salmon smolts, which closely
resemble cohio smolts; time did not permit the
necessary careful examination for separate counts.

TABLE 0. -Numher of coho smaolte, Dolly Varden charr, and
steelhead smolts in seaacard migration, Bare Lake, Alaskn

Dolly Steel-
Year Coho! Varden head
charr
L134 | |
2,359 2,733 21
1,781 3, 905 48
2,014 7 13
3, 341 1,058 23
3. 247 2. 360 21
2, 46 2,777 26

1 May include some king salmon smolts.

Coho salmon.—As shown in table 9, there is
some indication of an increase in the coho popu-
lation over the years. As adult coho salmon do
not enter Bare Lake until after the weir is
removed, we have no measure of the size of the
spawning population. Thus, an increase in num-
bers of smolts may be caused by an increase in
ege depositions rather than by an increase in
survival. Because we do not have adequate data
on spawning populations, it is not possible to
determine the fresh-water survival rates. Also,
length data of coho smolts is insufficient. to de-
termine if fertilization might have brought about
an increase in the growth rate during the years
of study. '

The coho smolts migrate to sea in their second
or third year and are, in general, larger and more
robust. than the red salmon smolts. The stomach
contents of a few cohos have been examined.
During the summer, juvenile cohos feed mostly on
insects or insect. larvae. To some extent the larger
juvenile cohos are predaceous on the juvenile red
salmon bhut, in general, their role seems to be that
of competitors for food vather than predators.

Dolly Varden charr—A fairly large Dolly

Jarden charr population is present in Bare Lalke.
This is indicated by the numbers captured in the
smolt. trap (table 9). It is not known if these
counts are indicative of the population which
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would have migrated to sea had the trap not been
installed. Large charrs cause heavy losses of
salmon smolts when the two are confined together.
To reduce predation, the opening of the trap was
made small enough that large fish could not enter.
Occasionally large charrs enter the trap during
high water, and seme have been captured above
the trap and released downstream. To some
extent their normal migration has been impeded,
so the counts in the table may not be representa-
tive of the population normally migrating at this
time. To facilitate upstream movement of ju-
venile coho salmon and Dolly Varden charrs, seine
hauls periodically are taken below the trap, and
the catch is released in the lake.. The marking
of these fish has indicated that they are migrat-
ing to the lake, as less than 10 percent of those
marked have worked back downstream to the
weir.

As data are not available on the size of the
spawning stock or survival to various stages in
the life history of Dolly Varden, it is not pos-
sibie to say whether fertilization increased sur-
vival. Also, samples were inadequate to determine
rate of growth during years 1950-56.

Stomach contents of charrs examined during
the summer show they feed on caddisfly larvae,
winged insects, gastropods, salmonids, and stickle-
backs. To a small extent competition for food
exists between the small charrs and juvenile
red salmon. During the smolt migration, charrs
feed to some extent on the smolts; however, their
predation on red salmon from May to September
does not seem to be important.

Threespine stickleback.—There is a large popu-
lation of sticklebacks in Bare Lake. Beach-seine
catches each year at the north and south ends
of the lake show this species to predominate in
numbers over juvenile red salmon (appendix
table 3). Sticklebacks feed on about the same
items of food as the juvenile red salmon; thus,
they are direct competitors of the salmon for
food. Their abundance is perhaps kept in check
bhecause Dolly Varden charrs and cohos feed on
them to some extent, which may result in less
predation by these species on juvenile red salmon.
From seine-haul catches it would seem the peak
in abundance of sticklebacks occurred during
1953 and of juvenile red salmon during 1954.
Although seine-haul catches probably provide

only a rough index of population size, the fact
that the red salmon smolt migration of 1955 was
the largest observed during these studies strength-
ens the finding of juvenile red salmon being
unusually abundant during the preceding year.

Growth studies of threespine sticklebacks have
been conducted in Bare Lake since 1950. Green-
bank and Nelson (1959) present growth curves
of sticklebacks for year classes 1951 through
1954. An examination of these data indicate no
progressive increase in growth rdte occurred.
Th-~, unlike red salmon juveniles, sticklebacks
did not respond to fertilization by increased
growth.

DISCUSSION

To understand the effect on the growth of fish
of fertilizing a lake with inorganic material, it is
necessary to consider the food chain involved. It
has been shown that fertilization increased pri-
mary productivity in Bare Lake manyfold (Nel-
son and Edmondson, 1955), and that a large crop
of phytoplankton resulted and was maintained
during the rest of the summer. This increased
food supply would be expected to benefit directly
many of the invertebrates. Invertebrates that
would be of most direct value to the red salmon
are a variety of benthic insect larvae and the
planktonic copepod E'pischura nevadensis. All
of these animals have a long life cycle and even
the copepod appears to produce but one gen-
eration a year. Therefore, an increased food
supply would not express itself immediately in
an increased number of animals, and the in-
vertebrate populations might well take some years
to build up, especially if there is much predation.
In fact, during the period 1950-52 the zooplank-
ton population showed no progressive increase.
It would seem that a population of active preda-
tors with versatile hunting behavior may keep
the prey population at a low level and absorb
extra production, so that a distinet increase in
production may not show up as an increase in
the standing crop of food organisms, but rather
as an increase in the mass of the predator popu-
lation.

There are certain immediate effects that might
result in better growth of the fish. It has been
shown that increases of the food supply for a
natural population of the copepod Calunus fin-
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marchicus were followed shortly by increases in
length, weight, and fat content of the mature
animals (Marshall, Nicholls, and Orr, 1934). This
effect is to be expected with most animals, and
it may well be that the food organisms in Bare
Lake have provided much more nourishment for
the fish since 1950 than is suggested by their
numbers alone.

In reviewing the results of fertilization of Bare
Lake to date, the most important development is
that smolt size has increased. This progressive
increase may have brought about the observed
increase in return of adult salmon, since larger
smolts have been found to survive in greater
numbers at sea (Barnaby 1944, Foerster 1954a).
Data from 4 years’ observations indicate that
ocean survival has increased more than twofold.
If growth and fresh-water survival rates decline
when fertilization is discontinued, the theory that
observed increases have resulted from fertilization
will be greatly strengthened.

Other factors were examined which might have
brought about the increase in length of Bare Lake
smolts during 1950 to 1956. At nearby Karluk
Lake, the smolt. migration was sampled annually
for length and age composition. No increase
in size of smolts occurred in this unfertilized
lake over the 7 years of our Bare Lake study.
As stated earlier, no relation could be found
between water temperatures and smolt growth
at Bare Lake. Diseased juvenile red salmon were
uncommon in Bare Lake, which indicated disease
was not a factor influencing growth or survival.
It might be argued that a decline in population
density ov intraspecific competition could have
brought about the increased growth of red salmon
juveniles and smolts during the years 1950 to
1956. This was examined on the basis of popula-
tion biomass of all species of fish in the lake dur-
ing those years. From text tables 8 and 9 and
appendix table 3, estimates of the biomass of
fish present in the lake were made from both
seine-haul and weir-count data. No relation could
be found between the biomass of all fish or the
abundance of certain fish species and the size
attained by the young red salmon. On the con-
trary, it appears a slight increase in biomass of
fish occurred while at the same time the size of
red salmon smolts and juveniles increased. Kvi-
dently the increment in fish food brought about
by enrichment of the lake was of such magnitude

that the influence of biomass or intraspecifie
competition on red salmon growth was of minor
importance.

Although the type and concentration of fer-
tilizers used increased organic production, no
doubt more extensive experimentation would show
that smaller amounts of various elements would
do equally well. For example, during 1955 trace
elements were added to jugs of Bare Lake water
whereupon accelerated photosynthesis resulted
from an extremely minute amount of material.
The possibility exists that productivity might be
increased in lakes by small, inexpensive addi-
tions of material.

SUMMARY

1. Spawning escapements entering Bare Lake,
Alaska, have ranged from 52 to 551 salmon dur-
ing the years 1950-56. During this period, the
commercial catch of Bare Lake fish was small,
except in 1950 and 1951.

2. Nine age groups of adult salmen have been
found at Bare Lake. Of these the 5., 5;, and 6,
age groups are the most important.

3. The size at maturity of Bare Lake red sal-
mon appears to be dependent upon sex and en-
vironmental conditions during the last year the
fish spend in the ocean.

4. A predominance of female salmon occurred .
each year in the spawning escapement. It would
seem a differential mortality in favor of the
females exists during the marine period of life.

5. The fecundity of Bare Lake female red
salmon is dependent mostly upon size at maturity.

6. Greater percentages of smolts migrate to
sea at an earlier age from brood years of high
smolt production than from brood years of low
smolt. production. Population pressure may cause
this.

7. An increase in the size of smolts has not
brought about an increase in the percentage of
the younger smolts in the seaward migrations.
Generally the older smolts migrate to sea earlier
in the season than the younger smolts.

8. Fertilization of Bare Lake has been accom-
panied by increased growth of young red salmon
during residence there.

9. A close relation was found between the
growth of red salmon of various fresh-water ages
and the gross rate of photosynthesis during peri-
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ods which would be likely to influence the food
supply.

10. The fresh-water survival rate of red salmon
from the annual egg deposition (corrected for
egg retention of spawners) to the smolt stage has

’
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averaged 2.96 percent (range 1.0 to 5.1 percent)

for years 1950-53.
11. The increase in the size of smolts since

fertilization has been followed by an increase in
their survival at sea.

12. Limited studies were conducted on juvenile

coho salmon, Dolly Varden charr, and the three-
spine sticklebacks.
pete with young red salmon for a common food
supply. Dolly Varden prey on the red salmon

Sticklebacks and cohos com-

smolts.
13. Growth studies were conducted only on the

threespine stickleback.

It was found that this

species, unlike red salmon, did not respond to
fertilization by increased growth. Data were in-

adequate on juvenile coho salmon, threespine
stickleback, and Dolly Varden charr to determine

the effect of fertilization on survival.

14. Other factors, including population bi-
omass, incidence of diseased red salmon, and
water temperatures, had no influence on the
growth of red salmon juveniles and smolts for
the years 1950 through 1956.
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APPENDIX
APrENDIX TABLE 1.—Egyg counts of red salmon sampled al the weir site, Bare Lake, Alaska, 1950 to 1956
Egg count
Date fish collected Fork length Weight Age group
(cm.) (1b.)

Right ovary | Left ovary

56. 5 4.62 59 1,845 1,480

58.0 4,00 52 1,961 1,891

4.5 2.19 53 999 950

58.6 5.19 |ocmame o 1,749 1, 866

59.1 5.84 52 2,131 2.3%

56.0 4.62 By 1, 696 1,217

60.8 5.88 52 1,822 1.722

51.2 3.25 53 1,370 1,183

55. 4 4.25 53 1, 607 1,461

57.3 5,31 63 1,737 1, 580

56.3 4, 44 52 1, 600 2,163

58.7 4.88 b2 1,980 1,868

55.6 4,22 52 1,435 1,220

55.9 4. 62 52 1,738 1, 802

57.5 4. 50 b] 1,920 2,003

52.6 3.53 52 1, 506 1,122

54.2 4,12 53 1,521 1, 536

53.5 4,28 53 1,457 1,441

56.3 4,72 53 2,051 1, 593

60.2 1 .. 59 1,962 1,613

57.3 5. 40 i 1,635 1,786

56.3 4.22 53 1,268 965

57.1 5. 40 L 1, 569 1,685

57.4 5.20 5 2,014 LAI7

7.3 0. 35 3 2,190 i, 669

59.0 5.40 63 1,945 1,487

55.0 4,31 6 1,458 1,371

51.5 3.62 53 1,533 1.074

55.0 4.62 [ 1,939 1547

50.5 3.09 53 948 1,071

59.0 5.31 63 1,722 1,714

53.0 3.8 5 1,131 1,317

52.0 3.82 53 1,642 1.373

5.0 L2 | O " 1,334 1,310

52.0 3.69 1 1,601 1,818

5.0 4.15 5 1,483 1,361

49.0 3.21 5 1,085 1,387

56.0 5.06 b 1,749 1,381

52.0 3.60 |- 1,363 1,530

55.0 4.34 63 1,302 1,483

49.5 3.31 53 1,262 1, 150

55.5 3.88 & 1,607 1.435

51.0 3.47 53 1,498 1,386

57.0 4.94 83 1,828 1, 562

51.5 3.88 53 1,603 1,423

510 4,78 53 1,843 1, 586

55.5 1.4 52 1,922 1,355

52.0 3.72 43 1,631 1,413

51.5 3.62 53 1,411 1, 300

53.0 3.81 53 1,394 1,122

June 57.0 1,642 1, hdd
July 54.0 1, 634 1,622
1 47.0 1,632 1,040
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AppENnDIX TABLE 2.—Migration, perce-ntdge age composition, mean fork length, mean weiyht, and sample size of red salmon
smolts, hy weeks, Pare Lake, Alaska, 1950 o 1956

2-year-old smolts 3-year-old smolts 4-year-old smolts
Week ending Weekly Sample
migra- Mean Mean Mean Mean Mean Mean size
tion! Percent | length weight | Percent | length weight | Percent | length weight
{mm.) (gm.) J (mm.) (gm.) (mm,) (gm.)
24.2 70. .31
63.1 70. . 91
86.4 70. . 05
82.3 7l. . 93
82.6 71, 15
39.2 75
28.2 .-
[ O P 100. 0 87.2
2.5 69. 6 96,7 86.0
6.0 69. 4 93.2 85.9
42.0 71.2 57.4 87.2
83.4 69.2 16.2 86.2
94.6 68.8 5.4 84.1
91.5 69.7 8.5 80.1
100.0 ). ... [ I PR
0 ... 100. 0 90.3 6. 42
7.0 79.6 €0.5 88.1 6.12
12.0 8.7 87.4 85.5 5. 45
13.2 75.2 83.8 82.0 4.77
36.0 75.5 62.1 82.0 4.75
80.0 74.3 19.2 79.7 4.27
95.1 75.4 4.9 81.0 4.72
94.9 77.1 5.1 83,1 5.07
94.4 78.7 5.6 85.8 5.93
98.0 8L.1 2.0 97.0 Q.15
100.0 |- .- -
100.0 ... --
[/ . - - 100.0 93.9 7.20
7.5 81.7 . 62 2.3 3.4 7.08
9.3 81.4 4.76 90.7 94.0 7.27
40.8 82.3 4,96 59,2 9.4 6.99
49.8 82.9 503 §0.2 93.1 6.9
78.9 84.4 5.56 2. 4 94.6 7.81
87.4 87.5 6.36 12.6 96.6 8.33
66.7 88.5 6.72 33.3 04.0 8.24
83.3 60.0 2.77 16.7
76.2 70.3 2,86 32.8
2.5 79. 4 5.08 90.1
9.5 81.9 5.13 87.4
56. 2 84.5 5.82 2.7
86.9 88.5 6.92 13.1
96.5 92.1 7.82 3.5
97.2 2.8 7.39 2.8
99.1 94.0 8.00 .9
100.0 94. 6 8.07 0
95.0 98.6 9.25 4.5
93.8 100. 5 9,70 6.2
15. 4 84.6
13.4 #4.9
0 100.0
7.2 8.3
16.8 50.4
92.0 7.0
97.2 2.2
9.1 .9
93.9 .9
97.1 2.9
96.2 3.8
100.0 0
2.5 4.10 77.5
2.8 4.32 78.9
48.6 4.20 50.1
79.0 4.66 19.5
96.8 4.99 3.2
96.1 6.25 3.9
93.9 6. 85 1.1
98.6 6.84 14
100.0
100.0

! Smolt mortalities at the weir are not included.
? Fry: migrating in their first year.
# Not included in the table are six 5-year-old smolts (1 taken in 1954, length 144 mm., 5 taken in 1955, mean length 157.4 mm.).
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ArrenpIx TARLE 3.— Beach seine calches, Bare Lake, Alaska, 195056

[Area of catch: 1—South end of lake; 2—North end of lake]

1 0 e s € vt C i RO T I OB et B

Date Areaof catch | Number of | Red salmon | Stickleback | Coho salmon [Dolly Varden
hauls juveniles juveniles charr
Aug. 2 1 130 855 1 2
2 1 100 585 3 9
2 1 130 516 1 1
June 2 1 60 423 2 9
2 2 1 21 633 7 8
July 1 1 27 1, 002 1 0
2 1 2 58 343 5 4
Aug. 7 1 1 147 146 8 6
2 1 1 171 406 18 3
Sept. 1 1 176 156 21 6
May 2 1 103 1, 153 25 7
June 1 4 56 1, 008 11 7
July 1 1 23 86 6 4
1 1 103 358 11 0
1 2 7 62 4 2
Aug. 2 1 41 1,752 14 4
2 1 20 768 22 12
Sept. 1 2 88 51 25 5
May 1 1 12 17 35 2
June 1 1 171 1, 688 23 1
1 1 21 2,082 19 0
1 1 60 3, 863 5 0
July 1 2 ] 1, 566 16 0
1 1 46 1, 847 10 0
Aug. 1 1 288 411 8 0
1 1 03 207 19 1
Sept. 1 1 94 27 a 2
2 1 774 1,120 25 6
2 1 148 505 26 20
2 1 175 1,249 2 2
2 2 324 2 30 7
1 1 52 54 7 0
2 1 127 619 24 5
Oct. 1 1 46 0 7 0
May 1 1 122 83 22 1
June 1 1 a0 944 10 2
2 1 218 2, 605 14 72
1 1 &1 291 1 2
1 1 251 802 7 0
2 1 29 4,075 3 30
July 1 1 372 663 35 4
2 1 271 1700 0 0
1 2 114 37 27 8
1 2 321 1100 32 12
2 1 461 1 500 4 1
Aug. 1 1 275 1 50 8 0
2 1 1% 150 17 9
2 1 90 L, 000 7 7
1 1 970 707 6 2
2 1 2 11, 500 4 17
1 2 34 1 50 1 4
1 1 76 276 8 2
2 1 364 1 504 1 12
2 2 230 187 ] 28
Sept. 2 1 0 1400 0 0
2 1 Q1 1200 0 0
1 1 36 250 3 ]
May 1 1 128 1,288 49
June 1 1 130 377 0
1 1 74 6807 3
July 1 -1 102 986 8
1 1 190 346 10 1
1 1 172 17 3
Aug. 1 1 132 17 26
1 1 164 86 8
2 1 72 307 1
2 1 92 2,043 9
2 1 24 67: 3
1 1 94 155 27
Sept. 1 1 o 1,370 11
2 1 1 42 7 4
2 1 2 2 1
May 1 2 17 533 11 0
June 1 2 7 1,007 13 5
July 1 1 44 304 12 10
2 1 2 62 452 22 1
Aug. 1 1 185 200 21 11
1 1 197 o9 6 2
1 1 GO 171 7 0

1 Estimated catch.

O



